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Regulation Of Cell Death Apoptotic Pathways By
Nitric Oxide In Cancer: Reversal Of Drug/Immune
Resistance
Benjamin Bonavida
Jonsson Comprehensive Cancer Center, University of California, Los
Angeles, USA
Tumor cells develop several mechanisms to avoid cell death
by various unrelated cytotoxic agents. We have identiﬁed one
such gene regulatory mechanism that inhibits, in large part, the
cell death apoptotic pathways. This dysregulated mechanism
is the result of several inter-related gene products that form a
loop and consist of the NF-κB/Snail/YY1/RKIP/PTEN. The gene
product expressions in this loop regulate the resistance to both
chemotherapeutic drugs and cytotoxic immune lymphocytes/
ligands. Brieﬂy, the expressions and activities of NF-κB, Snail
and YY1 are upregulated whereas the expressions and the
activities of RKIP and PTEN are downregulated. The upregulated
gene products are involved in the cell survival and growth and
the expression of anti-apoptotic gene products; however, the
downregulated gene products are involved in the inhibition of
cell survival and anti-apoptotic gene products. The modulation of
each of the gene products in the loop is sufﬁcient to reverse
resistance. We have found that treatment of tumor cells with
high levels of NO donors resulted in the downregulation of the
expression of NF-κB, Snail and YY1 while upregulation of RKIP
and PTEN. Treatment with NO inhibited NF-κB, Snail and YY1 via
s-nitrosylation. As repressors, their inhibition resulted in the
upregulation of RKIP and PTEN. Subsequently, several anti-apop-
totic gene products are inhibited by NO treatment as well as
modifying the integrity of the mitochondria. Hence, treatment of
resistant tumor cells with NO resulted in both the chemo and
immunosensitization of tumor cells to apoptosis, in vitro and
in vivo. The ﬁndings suggested the important role of NO donors
as potential therapeutic sensitizing agents to reverse resistance.
http://dx.doi.org/10.1016/j.redox.2015.09.016
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One of the key features of tumour cells is the acquisition of
resistance to apoptosis. Thus, determining therapeutic strategies
that circumvent apoptotic resistance and result in tumor regres-
sion is a challenge. One strategy to induce apoptosis is to activate
death receptor signalling pathways. Members of the Tumor
Necrosis Factor TNF-family death receptors ligand (TRAIL, FasL
and TNF-α) can originate from immune and non-immune cells.
Death receptors, engaged by cognate ligands, can initiate multiple
signaling pathways, which can generate diverse outcomes,
including non-apoptosis-related signal. Knowledge on the mole-
cular mechanisms (that determine death or survival of tumour
cells) following exposure to the TNF-family death receptors
ligands have demonstrated that post-translational modiﬁcations
of the signaling pathway components play a critical role in
determining cell fate. Cell death can be sensed by nitric oxide
(NO) in a wide variety of tumour cells. S-nitrosylation, the covalent
modiﬁcation of a protein cysteine thiol by an NO moiety, has
emerged as an important post-translational regulation for the
TNF-family death receptor signaling pathways. It has been demon-
strated that death receptor DR4 (TRAIL-R1) becomes S-nitrosy-
lated and promotes apoptosis following a speciﬁc NO donor
treatment (Tang et al., 2006). Then, our group has shown that
S-nitrosylation of Fas, following glyceryl trinitrate (GTN) exposure,
promotes redistribution of the receptor to lipid rafts, formation of
the death-inducing signal complex (DISC), and induction of cell
death. Finally, I will discuss our recent efforts to decipher regula-
tory mechanism of the TNF-α/TNFR1 signalling cell death pathway
by S-nitrosylation following GTN treatment.
http://dx.doi.org/10.1016/j.redox.2015.09.017
Synergistic Interactions Between Nitric Oxide And
Reactive Oxygen Species Cause Selective Apoptosis
Induction In Malignant Cells
Georg Bauer
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Background: Oncogenic transformation depends on the activation
of membrane-associated NADPH oxidase. The resultant extracel-
lular superoxide anions control the proliferation of malignant cells,
but they also drive two intercellular signaling pathways that cause
selective apoptosis induction in malignant cells, i. e. the HOCl and
the NO/peroxynitrite pathway. Tumor progression requires the
establishment of resistance against these apoptosis-inducing path-
ways through expression of membrane-associated catalase that
interferes with HOCl signaling through decomposition of H2O2 and
with NO/peroxynitrite through oxidation of NO and decomposi-
tion of peroxynitrite.
Aims: We aimed to establish the biochemical basis for novel
therapeutic approaches that target tumor cell protective catalase
and thus cause reactivation of intercellular reactive oxygen/nitro-
gen species-dependent apoptotic signaling of tumor cells.
Methods: We used cells from deﬁned stages of multistep oncogen-
esis, i. e. nontransformed, transformed and bona vide tumor cells.
Intercellular apoptosis-inducing ROS/RNS signaling was studied
using deﬁned inhibitors/scavengers, reconstitution experiments
and small interfering RNA directed against relevant targets.
Results: Direct inhibition of tumor cell catalase by neutralizing
antibodies or its direct inactivation by extracellular singlet oxygen
caused efﬁcient reactivation of apoptosis-inducing signaling. Inter-
estingly, the increase in cell-derived NO through addition of
arginine, inhibition of arginase, inhibition of NO dioxygenase or
induction of NO synthase by interferon led to the generation of
extracellular singlet oxygen that triggered a complex self-ampliﬁ-
catory system. As a result, high concentrations of cell-derived
singlet oxygen inactivated catalase and reactivated apoptosis
inducing intercellular signaling.
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